Vertical root fractures of endodontically treated teeth are a frustrating complication that leads to extraction. The aim of the current survey was to evaluate the role of operative procedures in the etiology of this complication. A total of 154 endodontically treated vertical root fractured teeth were cleaned and washed after extraction and maintained in individual vials. Periapical radiographs before extraction, clinical findings and previous operative procedures were recorded. A post was observed in 95 teeth (61.7%), with 66 of these ending at the coronal third of the root. Most were screw posts of the Dentatus type (n = 64) and tapered cast posts (n = 14). A full crown was observed in 118 teeth, and 65 of these (55%) were extracted between 1 to 5 yr after final restoration. In 24 crowned teeth extraction was conducted within 1 yr after restoration and in 28 teeth after >5 years. It was concluded that post placement'and root canal treatment are the major etiological factors for root fractures. Because signs and symptoms can appear years after the operative procedures in the root have been completed, coronal restorations would not interfere with the correct clinical diagnosis of vertical root fractures. Frequent recalls are recommended to diagnose vertical root fractures early, especially in susceptible teeth, such as premolars and mesial roots of mandibular molars.
Vertical root fractures (VRFs) in endodontically treated teeth are a frustrating phenomenon for both the patient and dentist. Diagnosis is often difficult because the signs, symptoms, and radiological features imitate true endodontic failures or periodontal disease, an issue that has been discussed previously in case reports (1) (2) (3) . In two recent surveys (4, 5) vertical root fractured endodontically treated teeth were evaluated for their prevalence, and clinical and radiological features before and after extraction.
Several etiologies for VRFs have been previously suggested, mostly iatrogenic in origin. Two major causes are excessive pressure during lateral condensation of gutta-percha (1, 3) and root canal reinforcement of these teeth at a later stage (I, 3, 6, 7) . To complicate the situation, signs, symptoms, and radiologic features of VRFs can occur years after the dental procedures are completed.
The purpose of this survey was to evaluate retrospectively the operative procedures performed in 154 endodontically treated vertically fractured roots and their role in the etiology of the fracture.
From July 1995 to February 1998 patients from five public clinics with possibly VRF teeth were referred to an oral surgeon (lL.) for tooth extraction. The initial diagnosis made by the referring dentist (VRF, endodontic failure, or periodontal disease) was recorded. The operative procedures performed in each tooth were found in personal dental files, as were recent periapical radiographs. The oral surgeon examined the patients for chief complaint and signs and symptoms. After extraction each tooth was cleaned of external remnants and washed for VRF verification. Teeth with VRFs were maintained in an individual vial and the periapical radiograph, clinical findings, and previous operative procedures were recorded as follows:
1. Presence and type of radicular restoration-cast, Dentatus, or ParaPost posts, and their apical extension-coronal, middle, or in the apical third of the root. 2. Presence and type of coronal restoration (full crown, amalgam restoration, or none). 3. Presence and type of root canal therapy-original treatment or retreatrnent. An "acceptable" root canal obturation was recorded when a well-obturated gutta-percha filling extended between 0 to 1 mm from the radiographic apex. 4. Time sequence between each operative procedure and extraction. VRF was observed in 154 teeth after extraction. A post was observed in 95 teeth (61.7%), of which 82 also had a full crown. Of the posts 66 (69.5%) ended at the coronal third of the root and 29 (30.5%) at the middle third. Most were screw posts of the Dentatus type (n = 64, 67.3%) and tapered cast posts (n = 14, 14.7%); 9 were of the ParaPost type and 8 were amalgam ( Fig. 1) .
With regard to the coronal restoration, 118 teeth (76.6%) had full crowns and 17 (11%) amalgam build-up; 16 had no coronal restoration and 3 had only a core composed of composite resin. Root canal obturation was considered "acceptable" in 42 of the 59 teeth with no posts (71.2%).
The time sequence between root canal treatment or retreatment and extraction is shown in Fig. 2 . In 77 teeth (50%) extraction was conducted between 1 to 5 yr after root canal treatment or retreatment, and 29 teeth (18.8%) were extracted within 1 yr after root canal treatment. In 44 teem exuacrion was conducted after >5 years, and in four teeth the date of root canal treatment could not be obtained. Figure 3 shows the time sequence between crown ... placem~nt and extraction. Of 118 teeth with crowns 65 (55%) were extracted between 1 to 5 yr after the final restoration, and 28 teeth after >5 yr. In 24 teeth extraction was conducted within 1 yr after placement of a crown, and with one tooth the date of crown placement could not be obtained.
VRFs in endodontically treated teeth occur most frequently as a result of iatrogenic-operative procedures performed in the root canal (6) . It has been suggested that improper selection of intracanal posts and cementation techniques (1, 3) or excessive pressure during lateral condensation of gutta-percha (3) are among the main etiological factors causing root fractures.
In our survey 64 (67.3%) of the 95 intracanal restorations were screw posts of the Dentatus type ( Fig. 4 ). This type of tapered serrated dowel was also observed in other surveys and case reports of VRFs. Sorensen and Martinoff (8) examined the manner of failure of 123 teeth with various methods of intracanal reinforcements. Tapered cast dowel and core were observed in 31 root canals, of which 4 (12.9%) showed VRF. Threaded posts were observed in only two root canals, and both were fractured. Torbjorner et al. (9) observed that Dentatus screw posts were the main type of intracanal reinforcement in 16 of 21 fractured roots. Recently a Dentatus screw post was also used as the intracanal restoration in a case report of VRF (10) .
In the present survey most of the posts (69.5%) were observed in the coronal third of the root, and only 29 (30.5%) reached the middle third. These findings may suggest that longer posts are preferable than shorter ones. However other major factors are involved, e.g. dowel design and the force applied while placing and cementing the posts in the root canal space (6) . Further in vitro studies should be conducted to evaluate the role of the post length in relation to undesirable forces involved in radicular restorations.
The appearance of signs and symptoms for VRF, leading to extraction, can occur between 1 to 5 yr after root canal treatment (7) . In 50% of the present cases teeth were extracted between I to 5 yr a.fterroot canal treatment, and another 29 teeth (18%) were extracted within the first year, which is in agreement with the previous study. The time sequence between completion of treat-FIG5. VRF in the mesial root of a mandibular first molar showing acceptable root canal obturation with no post. Tooth restored by a post in only the distal root and a full crown. ment and VRF diagnosis and extraction is an important factor, because a future new restoration in the area will also depend on the amount of remaining bone after extraction. The patient requires more frequent follow-ups, espec"ially in VRF susceptible teeth, the premolars, and mesial roots of mandibular molars. Attention should also be given to predisposing factors, such as specific anatomy and morphology, amount of remaining tooth structure as a result of various endodontic procedures (7, (11) (12) (13) , previous cracks (14) , and loss of moisture (15) .
Vire (16) evaluated the reasons for extracting 116 endodontically treated teeth and observed that the average time between completion of a crown and extraction was 7 yr. Teeth without crowns were extracted -5 yr after coronal restoration, suggesting that crowns could provide better protection and prevent root fracture for longer periods. However root fracture occurs at an earlier stage (i.e. at the obturation phase) or during post preparation and placement. A full coronal coverage may only delay the radiological features and clinical signs and symptoms that appear years later when there is contact between the gingival margin and the' fractured area (4) . In the present survey no correlation. was found between full coronal restorations and root fractures. Extraction of 44 teeth was conducted >5 yr after root canal treatment, and only 28 of these were crowned (64%). Within the first 5 yr after root canal treatment, 89 crowned teeth were extracted of 106 (83%).
VRF was observed in 59 teeth with no post of which 42 teeth were considered "acceptable" regarding root canal obturation (Fig.  5 ). In the remaining fractured roots the presence of an intraradicu-lar post interfered with radiographic assessment of the root canal obturation quality. It is conceivable that, in well-obturated canals, condensation forces playa role in the etiology of the fracture (6) . However in root canals with "unacceptable" obturation other factors in canal preparation could be involved with the etiology.
In conclusion endodontically treated teeth should always be restored to regain the patient's function and esthetics, to minimize coronal leakage, and to prevent crown fractures. However coronal restorations do not prevent VRFs because the fractures occur at an earlier stage during root canal treatment and post preparation and placement.
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